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CATALYTIC ALKYLATION OF BENZENE WITH ETHANOL AND PROPANOIS i

Doklady Akademii Nauk, Vol 89 M. B. Turova—Polyak, G. I. Levi, ‘%;
No 3, pp L95-498 L L. M. Volkova, and M. E. Kuimova, " .
Moscow, 21 Mar 1953 s ;MOSCOH State Univ imeni M. V. Lomonosov R N ;
[Numbers in parentheses refer to appended bibliography.} :i 1
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’

The few studies that have appeared on the catalytic alkylation of benzene
with alcohols have dealt with the alkylation of benzene with methanol or etha-
nol in the gaseous phase at normal pressure, When the reaction takes place .
under these conditions, the yield of ethylvenzene, according to the literature '
(1), reaches 12-15 percent of the alcohol used in the reaction. Data cn the
alkylation of benzene with propanols can be found only in the patent litera-
ture,

In the present work we studied the possibility of alkylating benzene with
ethanol or propanols with the use of an aluminum silicate catalyst under at-
mospheric pressure in a circulating system, i.e., a system in which a flow of
the reacting substances is maintained.

The study made it clear that the yield of ethylbenzene in alkylating ben-
Zeéne with ethanol is a function of the volume rate of flow of the reaction
mixture. With a volume rate of 0.03, the yield of ethylbenzene is 28 percent
V) based on the alcohol; with a volume rate of 0.18, the yield is 25 percent; and
¥ith a volume rate of 0.66, the yield is 15 percent. The yield of ethylben-
2ene mey be doubled by using the waste gases consisting mainly of ethylene.

In the alkylation of benzene with n-propanocl or isopropanol (at a volume
rate of flov equal to 0.66}, isopropylbenzene is obtained in a yield of Lg~5k
bercent. If the volume rate is reduced, the yield of isopropylbenzene is
lowered because of the simultaneous occurrence of the reaction of dealkyla-
tion. As in the case of ti. alkylation of benzene with ethanol, the yield of
isopropylbenzene may be increased by using the waste geses consisting mainly
of propylene. Thus the feasibility of obtaining satisfactory yields of ethyl-
benzene and isopropylbenzene in & cireculating system under normal pressure was
established. One should remember that, under the conditions of our experi-
ments, and based on the alcohol used in the reaction, the maximum possible
yieli~{Hea% HENITY): of ethylbenzene is 85 percent; and of isopropylben-
zene, 87 perdent.

From the results obtained, several considerations can be advanced as to
the mechanism of this particular reaction. We presume that tke alkylation of
benzene with alcohols does not proceed as a direct condensation of benzene
with alcohol (benzene + alcohol —»alkylbenzene + water), but with a prelimin-
ary dehydration of the alcohol. The activated olefin, formed in the reaction,
reacts with benzene giving alkylbenzene (olefin + benzene —% alkylbenzene).
Such a reaction mechanism isg confirmed by the ease of the formation of olefins
from alecohols even at the point of complete "poisoning" of the catalyst for
the alkylation reaction, by the high olefin content of the waste gases, by the
suitability of the latter for alkylating benzene, and finally by the formation
of isopropylbenzene in the alkylation of benzene witn n-propanol. The assump-
tion of the formation of isopropylbenzene by isomerization of n-propylbenzene
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n-propylbenzene favored the formation of n-propylbenzene. Thermodynamic cal- f .-ll !
culation of the given reaction, and also of the dehydration reactions of alco- ! . -
hols and of the alkylation of be :ene with alcohols and olefins, was based on

the data of V. v. Koroboy and A. V. Frost (2). Hovever, a final decision as !E&

to ?he reaction mechanism in the alkylation of benzene with alcohols can be 3
arrived at only by applying precise physicochemical methods. f"‘k )

t s

EXPERIMENTAL DATA ] :

Serving as starting materialsg were technicelly distilled and dried ben-
zene (containing thiophene), ebsolute comuercial ethanol with a bp of 77.59
/738 um, ng0 = 1.3605, dEO = 0.7889; absolute n-propanol with a bp of 95-970¢

o 20.
/150", nD° = 1,3860, dio = 0.8040; and absolute isopropanol with a bp of
81-82°C /750 rm, ngo = 1.3776, dﬁo = 0.7855.

The alkylation reaction was conducted in the presence of an aluminum sili-
cate catalyst of the industrial type in the usual apparatus for the circula-
tion [flow) method. The Baseous reaction products were analyzed in the VTT
(All-Union Thermal Engineering Institute) apparatus. Under optimum conditions
the gases consisted of 98-99 percent of the corresponding olefins; the carbon
dioxide content dig not exceed 0.5 percent; and carbon monoxide, hydrogen, and
saturated hydrocarbons were not found in the gases. In the work, vwe investi-

.} gated the yield of the alkylbenzene as a function of the temperature of the
experiment, the composition, and the Speed of the passage of the reaction mix-
ture [See appended figures 1, 2, and 3],

o It is evident from the curves [shown in the appended figures] thet at
450%C for & molar ratio of benzene to ethanol of 3:1 and a volume rate of flow
equal to 0.03, the yield of ethylbenzene reached 28 per cent; with a volume
rate of 0.18, the yield bercent was 25; and ror a rate of 0.66, 15 percent,
based on the alcohol introducted into the reaction.

The dried product of catalysis, obtained under the conditions indicated,
was distilled in the temperature range of 78-150°C, The ethylbenzene frac-
tion (l30-1hO°C) wes investigated in more detail, This ethylbenzene frection
was found o have the following constants: bp of 135-136% /757 mm, nso .

1.4965, and d20 = 0.8666. The concentration of the ethylbenzene was 92-95

percent. The'data obtained by distillation were confirmed by analysis of the \
fraction using the Raman light-dispersion method. (We wish to thank Ye. G.

Treshchova, who carried out the spectrographic analyses.)

The optimum conditions for the alkylation of benzene with isopropanol
were as follows: temperature of about 325°C; volume rate of flow of the re- |
action mixture, 0.66; molar ratio of the reacting components, i.e., of bengene
to isorropancl, 4:1. The yield of isopropylbenzene under these conditions was
54 percent based upon the alcohol introduced into the apparatus.

o The isopropylbenzene isolated from the isopropylbenzene fraction (1kh-
1457C) obteined by distillation of the catalyzate (bp of 78-204°C) was found
te "o the following constants: by of 151.5°C /760 wm, ngo = 1.h922, dEO =

o-teving Lo
0..8599, anq purity of 36196 . percent . Phe-content or isopropylbenzene in the

fraction lnvestigated was confirmed by the Raman light-dispersion method of
analysis,
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Reduction of the rate of delivery of the reaction mixture reduces the L] m
yield of isopropylbenzene; for example, by passing the mixture of benzene/ - .
isopropanol with a volume rate of 0.18, a yield of only 45 percent was ob- "

K g
tained. This is explaiced by the fact that simulteneous dealkylation of the - hﬂ}
isopropylbenzene takes place. We were convinced of this fact by the results 3 , vi'i
\ of special’éxﬁgriments conducted end by the apreement of our findings with AR S - Lo
data found in %he literature (3). -As ap example, on passage of isopropyl- e vl
benzeng over the catalyst at a volume rate of 0.18 at 3250¢, the isopropyl- ‘5 . !
benzqﬁe is dealkylated to the extent of approximately 13 percent into benzene t
and propylene. : ‘

Under these conditions, due to the rearrangement of the radicals in the
reactions, 10 percent of the isopropylbenzene are converted simultaneously !
into berzene ang diisopropylbenzene, the last forming a fraction with a bp
of 197-2oh°c, nDo = 1.4920, ana dio = 0.8582. According to the data found

in the literature 1,2-diisopropylbenzene (%) has a bp or 203.700, n20 =

Vo " D
th950;~d30 = 0.8701; 1,3-diisopropylbenzene (5) has & bp or 203%¢, ngo

1..884, dgo = 0.8566; and 1,4-diisopropylbenzens (5) hes a bp or 210.3%,
n§° = 1.4895, dfo = 0.8571.

By carrying out the alkylation reaction at higher volume rates, dealkyla-
tion and rearrangement of the radicals are suppressed.

In the alkylation with n-propanol, the optimum conditions for the reac-
tion are the same ag for the alkylation with isopropanol. Isopropylbenzene
2lso appears in the reaction product, but its yleld is lover, (48-49 percent).
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Figure 1. Yield or Alkylbenzene As o Function of Temperature

1. CgHs + CoH <0 (3:1), volume Rate, 0.65

2. Cglg +.i ~ C3H,0H (h:1), Volume Rote 0.66
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Figure 2, Yield of Alkylbenzéne As a Function of Benzene
Content in the Iritinl Mixture

Lo Cgltg + CoH. OH, Terperature, 450°C, Volume Rate, 0.66

2. Cglle + i - CLIL,0H, Temevature, 32590, Voluse Rale, 0.66
: 2

'
= 1
[
L3
. W
T :.Ll.u[tt
' |
|

Xelease 2 200036-¢ AR
Sanitized Copy Ap‘préved for Release 2011/08/31 : CIA-RDP80-00809A0007002000



1 ro

Sanitized Copy Approved for Release 2011/08/31 : CIA-RDP80-00809A000700200036-8 MR

-
STAT

|

Yietd <%)

ol
o

1

0 og 04 06 08 1.0 L2 44 L6 18
Increase in volume

Figure 3. Yield of Alkylben:ene as a Function of

Volume Rate
of Passing the Initial Mixture )

) 1. CgHg + Coll50H (3:1), Temperature, 450°

2. CgHg +i-CBPHOH (42), Temperature, 325°
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